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TEE RXLATIONSHIP BETWEEN TRE CHEMICAL AND PLASTIC PROPERT~ES OF 
ALABAMA MEDIUM-VOLATILE COALS ASD THEIR CARBONIZATION BEHAVIOR 
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United S ta tes  S tee l  Corporation 
Applied Research Laboratory 

h n r o e v i l l e ,  Pa. 

Because coke qua l i ty  i s  a s ignif icant  factor i n  t h e  e f f i c i e n t  operation of 
b l a s t  furnaces, coke-plant operators are  continually s t r iv ing  t o  produce the  highest 
qual i ty  coke possible. No less important t o  the operators, however, a re  those char- 
a c t e r i s t i c s  of the coals or coal blends that influence the coking pressure and the 
ease with which each charge can be pushed from the oven. The d i f f i c u l t i e s  in  pushing 
coke from the ovens have been classified1)* in to  two general categories: 
inherent i n  the  par t icu lar  coals or coal blends and (2) those due t o  plant  practices.  
Apart from the d i f f i c u l t i e s  a t t r ibu tab le  t o  plant  practices,  insuff ic ient  contraction 
of the coking charge a t  t h e  end of the coking cycle is undoubtedly the  most common 
reason for  coke being hard t o  push f r o m  the oven. Insuff ic ient  contraction can be 
caused by e i t h e r  a lack of suf f ic ien t  contraction inherent in the coal or coal blend, 
or by incomplete carbonization of the coa l  charge i n  the oven. 

(1) those 

The expansion-contraction data obtained from a sole-heated oven is usually 
used t o  provide an indication of t h i s  aspect of the coking behavior of coal  charges. 
As was pointed out recently,2) a minimum contraction of 7 per cent in the  sole-heated 
oven a t  the plant-operating bulk density is  considered the l imit ing value for avoiding 
trouble caused by pushing d i f f icu l t ies .  
volume-change character is t ics  (or expansion-contraction propert ies)  a re  re la ted  t o  
the chemical and p l a s t i c  propert ies  of a w i d e  range of coals. 
on coking-strength evaluations indicated t h a t  more workable re la t ionships  could be 
established i f  the correlat ions w e r e  confined t o  a narrower range o f  coals or coal  
blends. 
t o  determlne whether t h i s  concept was applicable i n  re la t ing  the volume-change 
character is t ics  of several  Alabama mdium-volatile coals t o  t h e i r  chemical and p l a s t i c  
properties.  Such a re la t ionship would be extremely useful  at  U. S. S t e e l ' s  Fairfield 
p lan t  in Alabama. 

Other inves t iga tors3~4)  have shown tha t  

However, investigations5) 

Accordingly, U. S. S tee l ' s  App l i ed  Research Laboratory undertook a program 

Source and Ident i f icat ian o f  Coals 

Thir ty  coal  samples, 5 washed and 25 raw-mlne samples, were examined for  
chemical, p las t ic ,  coking, and volume-change properties.  The samples were obtained 
from the Pratt, h r i c a n ,  and Mary Lee seams of the Warrior Coal Field in Alabama. 
The 5 washed samples were obtained by taking representative gross samples of about 
250 pounds each of f reshly mined coal  from between 5 and 10 mine cars  a t  t h e  
unloading s ta t ion  of each of 5 mines. 
square openings and were exper imnta l ly  washed t o  a p p r o x e t e  the ac tua l  cormnercial 
preparation of the respective coals. 
zones in the v e r t i c a l  face of the coal seam at specif ic  site locat ions in the three 
seams, see Table I. Each sample w a s  chosen by v isua l  inspection of br ight  Wd d u l l  
coal in the seams, t o  give differences in coal type. 

Experimental Procedures 

These samples w e r e  crushed t o  pass 2-inch 

The 25 r a w  samples were taken from different  

I n k h e  preparation of the  charges for carbonization tests, a l l  coals 
were dried t o  a nominal moisture content of 1 per  cent and pulverized t o  a l//lC-inch 
top s ize .  

* See References. 
\ 
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The carbonization t e s t s  were conducted in the 30-pound test oven and in a 

sole-heated Oven a t  the Applied Research Laboratory. 
oven were conducted a t  the  fast rate (1850 F) described in a previous publication.5) 
The sole-heated oven used is similar i n  construction t o  the Bureau of Mines sole- 
heated oven6) except t h a t  it is heated by four Globar heating elements and changes 
in the v o l w  of the coa l  charge are  continuously recorded by means of an inductance- 
bridge type i n s t m n t  (a l so  known as a d i f fe ren t ia l  transformer). The cokes pro- 
duced i n  these o ens were t e s t e d  according t o  the U. s. Stee l  Modified Tumbler 
Test procedure .5r 

Tests in the 30-pound t e s t  

The p r o x h t e  analyses and mineral-matter contents of the various samples 
a r e  shown in Table I. For purposes of comparison, it w a s  necessary t o  correct  
the as-measured volatile-matter contents o f  the coals t o  the Parr true-volati le- 
matter content basis.7) 
The volume change (expansion o r  contraction) i n  the sole-heated oven and the 
re la t ive  strengths o f  cokes from t h i s  oven are  presented i n  Table III. The coking 
pressures and the strengths of the cokes from the 30-pound t e s t  oven are  l i s t e d  in 
Table IV. 

The p l a s t i c  properties of the coals are given in Table 11. 

In  the sole-heated oven tests, s ignif icant  differences i n  Oven bulk 
densi t ies  were noted f o r  various charges, with coals of lower ash content showing 
generally lower bulk densi t ies  than coals of higher ash content, as  i l l u s t r a t e d  
i n  Figure 1. Moreover, because the coals of higher ash content were more resis-  
t a n t  t o  pulverization, the coarseness of the  higher ash coals, expressed as the  
per cent retained on 8 mesh, was =eater for these coals than f o r  those of lower 
ash content, Figure 2. Therefore, because bulk density a f fec ts  the as-measured 
volume change, these values were corrected8) t o  a constant bulk density of 55 
pounds per cubic foot and t o  1 per  cent of the as-charged coal retained on 4 
mesh, t o  present the t e s t  results on a comparative basis. A reference bulk density 
of 55 pounds per cubic foot was used because t h i s  i s  approximately the  highest l eve l  
that can be attained with air-dr ied coal i n  commercial practice.  Bulk density also 
influences coking pressure, but a t  t h e  lower pressures encountered with these coals 
the e f fec t  is small. 

Chemical. and Plas t ic  Properties of Coals 

Most of these coals a r e  c lass i f ied  a s  medium-volatile in rank. A few of 
the  raw mine samples and the Pratt seam, Mine A, washed samples w e r e  on the border- 
line between medium-volatile and high-volatile A i n  the American Society f o r  Testing 
Material (ASTM) c lass i f icat ion.9)  
about 3 t o  almost 26 per  cent, and the sulfur contents from 0.6 t o  5.6 per cent, 
Table I. 
and the sulfur contents between 0.8 and 1.7 per cent. 
the highest  sulfur contents. 

The ash content of the r a w  samples ranged from 

The ash contents o f  t h e  washed coals ranged between 7 and 11.7 per cent, 
The Pratt-seam coals shoved 

The p las t ic  propert ies  of these coals ranged from medium t o  high f luidi ty ,  
When the sole-heated-oven volm-change resul ts ,  Table 111, were plotted 

A l l  coals having maxirmun f l u i d i t i e s  above 10,000 d i a l  divisions per 

Table 11. 
against  t h e  Gieseler maximum f lu id i ty ,  two pr incipal  behavior groups were evident, 
Figure 3. 
minute (ddpm) were contracting within a range from about 5 t o  30 per cent. Those 
coals  having maximum f l u i d i t i e s  below 10,000 ddpm ranged from mildly contracting, 
through neutral ,  t o  moderately expanding a t  about 2500 ddpm f lu id i ty .  The r a w  
and washed Pratt Seam samples from Mine A; the raw American Seam, S i t e  No.  2 
samples; the  raw h r y  Lee Seam, S i t e  No. 1 samples; and the  washed Pra t t  Seam, 
Mlne B samples a l l  showed f l u i d i t i e s  above 10,000 ddpm. The remaining samples 
showed lower f l u i d i t i e s .  
r e s u l t  of the  Gieseler Plastometer f l u i d i t y  measurements indicates tha t  the plasto- 
meter test may be usefbl i n  distinguishing between volume-change behavior groups in  
these coals.  a re  i n  general agreement with the relationship sham by 
Raugle, Davis, and Wilson4$ for coals ranging from low vola t i le  t o  high-volatile A. 

Therefore, the different ia t ion of coals ObSeNed as a 

These resu l t  
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Volume Change 
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The volume changes of the 30 samples a f t e r  carbonization in the  sole- 
heated oven were found t o  correlate  with (1) volatile-matter contents for samples 
containing similar ash contents and (2) with ash contents f o r  samples with similar 
v o l a t i l e  matter contents. 

along w i t h  selected Bureau of Mines datal') is plot ted in Figure 4 against  the 
corresponding volatile-matter and ash contents on the dry basis. 
seam coals (Mines A, B, and C )  and 1 American-seam coal  the volume change varied 
l i n e a r l y  from s l i g h t l y  expanding t o  strongly contracting a s  the vola t i le  matter 
increased for ash contents between about 6 t o  9 per cent. 
i s  also evident for the  3 Mary Lee seam coals, which had a higher leve l  of ash 
content o f  IJ t o  I 2  per  cent. 
coals from Mine A, taken from the  same site in the  mine, and the  washed sample from 
t h i s  same mine ( a l l  plo t ted  in Figure 5)  showed contraction varying l inear ly  w i t h  
ash content when t r u e  volati le-matter contents ranged between 30.8 and 31.8 per  
cent. 
t h i s  program except that the individual e f f e c t s  o f  vo la t i le  n a t t e r  and ash were 
masked by one another. 

those noted above, were reported by B r O m 3 )  for Pennsylvania and West Virginla 
coals; for tbseit w a s  a l s o  sham t h a t  separate relationships exis ted between t h e  
expansion and the  o l a t i l e  matter of two low-volatile c o a h .  
Davis, and Wilson47 a l so  showed t h i s  same type of relationship,  except that ex- 
pansion w a s  plo t ted  against  the dry, mineral-matter-free fixed-carbon contents of 
the coals.  The fixed-carbon content, calculated on the  dry, mineral-matter-free 
bas i s  should give a similar relationship t o  t h a t  with the t rue  volatile-matter 
content, because the fixed-carbon content is simply 100 minus the volati le-matter 
content determined in the proximste analysis. 

The volume change of each of the  5 washed coals  used in t h i s  program, 

For the 5 Pratt- 

This s a  relationship 

In contrast  t o  the washed coals, t h e  r a w  Pratt-seam 

These SEUE general  relationships were evident for the other coals used in 

General re la t ionships  within narrow ranges of v o l a t i l e  matter, similar t o  

Later work by N a m e ,  

An examination of the  volume-change behavior of the  various r a w  samples 
in terms of t h e i r  s i t e  and zone locations in the mine provided the following results. 
In the Pratt Seam Mine A samples, contraction decreased from top t o  bottom of the  
seam a s  the ash contents of the  zone samples decreased from top  t o  bottom. These 
relationships a re  shown in Figure 6 .  
of the S i te  No. 1 zone samples varied from strongly expanding at  the top of the seam, 
t o  mildly contracting about one-third down from the top of t h e  seam, and back t o  
moderately expanding i n  t h e  lower t w o  th i rds  of the seam, Figure 7. Although the 
ash contents of these samples were re la t ive ly  low, the mildly contracting zone had 
the highest ash content. In the S i t e  No. 2 zone samples from th i s  mine, the top and 
bottom zones were strongly contracting (about 17 t o  20$), whereas the two middle 
zones were only moderately contracting (about g$). 
all. below 8 per cent, more than doubled between top and bottom. 

In the American seam samples the volume change 

The ash contents of these samples, 

In the M y  Lee Seam samples, the S i t e  No. 1 zone samples changed from 
mildly contracting a t  the top of t h e  seam t o  strongly contracting between about 
one-fourth and one-half way down from the  top, dropped t o  mildly contracting about 
three-fourths of the distance from the  top, and increased again t o  strongly con- 
t rac t ing  a t  the bottom, Figure 8. The S i t e  No. 2 samples were almost neutral  a t  
a bulk density of 55 pounds per cubic foot  in the sole-heated oven. The volume 
change varied from incipient ly  contracting at  the top of the seam t o  mildly ex- 
panding between the top and about one-quarter of the way down from the top  of the 
seam, t o  mildly contracting between one-quarter and one-third of the way down, t o  
k c i p i e n t l y  expanding between two-thirds of t h e  way down from the  top and t o  m i l d l y  
contracting at the bottom. 

\ 
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Coke Strength 

Because there was insuff ic ient  coal in each sample for  carbonization 
t e s t s  in the Laboratory's 500-pound oven, an attempt was made t o  evaluate the 
strengths of the cokes from the  sole-heated oven, Table 111, and those o f t h e  
corresponding cokes from the  30-pound t e s t  oven, Table IV. 
were plotted,  Figure 9, in terms of the Modified Tumbler Index. The correlation 
coeff ic ient  for the relat ionship shown in Figure 9 was 0.94. 
from the two ovens maintained similar re la t ive  positions: 
cokes in t h e  one oven also produced strong cokes in the other oven. 
wide differences in coking r a t e s  i n  the two ovens, the relationship tha t  is valid 
for  these coals cannot be expected t o  b e  generally applicable t o  other coals, 
especial ly  t o  less  strongly coking coals. 

These re la t ive  strengths 

In general, the  cokes 
coals tha t  producea strong 

Because of the 

The influence of t h e  ash contents of the raw and washed coals on the 
strengths of the test-oven cokes can be distinguished when the data a r e  examined 
c r i t i c a l l y ,  but the fill e f f e c t  ismaskedand is  d i f f i c u l t  t o  es tabl ish conclusively 
because o f  the interrelat ionship between the ash content and the degree of pulveri- 
zation of the various charges, shown i n  Figure 2. In the present tests, the larger 
average-particle s i z e  of some coals, par t icular ly  those in which t h e  inert-type 
materials present are r e s i s t a n t  t o  pulverization, resulted in more abradable cokes 
with lower kbdified Tumbler Indexes than those produced f r o m  coals of smaller 
par t ic le  size,  see Tables 111 and IV. 
produced cokes d strengths equivalent t o  o r  greater than cokes f r o m  coals of 
lower ash content, apparently because the inert materials present in the  former 
were reduced t o  smaller p a r t i c l e  s ize  than those in the  l a t t e r .  
s imilar  ash content, e i t h e r  high or low, showed marked differences in degree of 
pulverization, those of coarser aize-consist usually yielded test-oven cokes of 
lower strength.  

Other coals of re la t ive ly  high ash content 

When coals of 

summary: 
The chief r e s u l t s  of t h i s  investigation of the possible correlations 

exis t ing between the carbonization behavior of these coals and t h e i r  chemical 
and p l a s t i c  properties were as follows: 

A l l  coals, both raw and washed, can be c lass i f ied  i n  two broad (1) 
f l u i d i t y  and volume-change groups : (a)  those showing f l u i d i t i e s  above 10,000 ddpm, 
a l l  of which were contracting, and ( b )  those below 10,000 ddpm, but above approxi- 
mately 2500 ddpm, which were mildly contracting, neutral ,  o r  moderately expanding. 
Thus, measurement of f l u i d i t y  in the Gieseler plastometer may be a means of 
c lass i fying similar coals i n t o  a t  l e a s t  two broad groups, according t o  the relative 
volume change observed in the  sole-heated oven. 

(2) For ash contents within narrow limits and for the range of volati le- 

Likewise, for  coals 
matter contents determined in these coals, volume change in the sole-heated oven 
showed a l inear  change with dry-basis vo la t i le -mt te r  content. 
of a narrow range of t rue  volati le-matter contents, contraction increased with 
increasing ash content. Consequently, i t  should be possible t o  correlate the 
volume change of these coals with t h e i r  chemical properties.  However, because 
var ia t ions existed in t h e  r a w  and washed coals f r o m  the  various seams used in this  
Fnve'stigation, and a r e  known t o  e x i s t  in practice,  it is natural  t o  expect variations 
in both the  volatile-matter and the  ash contents of these coals. It would appear, 
therefore,  tha t  a useful method o f  estimating the comparative pushing characterist ics 
of these coals from an examination of the i r  chemical properties should resu l t  from 
the use of the relat ive v o l m  change obtained from a multiple correlation with 
corrected ash and volatile-matter contents. 
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( 3 )  A signif icant  correlat ion existed between the mdi f i ed  Tumbler Indexes 

of the cokes produced in the sole-heated oven and those produced i n  the  30-pound 
test oven. 

(4) The influence of ash content on coke strength was evident. However, 
the separate and f u l l  e f fec t  of ash content was masked by par t i c l e  size, which has 
an important influence on coke strength, because increased ash content i n  the samples 
tes ted  also indicated an increased amount of coarse, pulverization-resistant, iner t -  
type, intermediate-gravity materials in  the coal. The prac t ica l  significance of t h i s  
relationship is probably limited because the washed coals used i n  pract ice  have 
ash contents that m y  not vary enough t o  appreciably a f fec t  t he  coke strength. 
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Table I 

~roximste Analyses and Calculated Minerd-Matter Contents (DI-Y Basis) 

Proximate Analysis, 

Volatile Fixed 
7% 

coal  Matter - 
American Seam 

Washed 
Si te  No. 1 Zone 1 

(Raw) Zone 2 
Zone 3 
Zone 4 
Zone 5 

site No. 2 Zone 1 
(Raw) Zone 2 

Zone 3 
Zone 4 
Eu1 Seam 

Pra t t  Seam, Mine A 

Washed 
Si te  No. 1 

(Raw) 

Mary Lee Seam 

Washed 
Si te  Bo. 1 

(Raw) 

Zone 1 
Zone 2 
Zone 3 
Zove 4 
Full Seam 

Zone 1 
,Zone 2 
Zone 3 
Zone 4 
Zone 5 

Zone 1 
Zone 2 
Zone 3 
Zone 4 
Zone 5 

Pra t t  Seam, Mine B 

Washed 

Prat t  Seam, Mine C 

Washed 

26.7 
23.6 
23-9 
22.9 
23-3 
24.6 

30.4 
29.8 
30.3 
29.7 
30.0 

30.2 
28.6 
28.9 
30.4 
30.4 
27.5 

27.6 
29.0 
28.3 
27.0 
29- 5 
28.4 

24.8 
24.9 
25.2 
25.1 
27.2 

26.1 

28.0 

Carbon 

65.8 
72.7 
73.0 
66.4 
n . 6  
69.8 

66.3 
64.8 
65.2 
63.3 
63.5 

62.3 
54.9 
61.9 
66.2 
65.2 
57.6 

60.7 
58.6 

47.4 
61.3 
52.8 

59.1 
60.8 
57.0 
62.6 
65.8 

54.0 

67.0 

63.6 

Ash - 

7.5 
3.7 
3-1 

10.7 
5-2 
5.6 

3.3 
5.4 
4.5 
7.0 
6.5 

7.5 
16-5- 
9.2 
3-4 
4.4 

14.9 

11.7 
12.4 
17.7 
25.6 
9.2 

18.8 

16.1 
14.3 
17.8 
12.3 
7.1 

7.0 

8.4 

S U l W ,  
d 

0.9 
0.9 
0.8 
1.0 
0.8 
1.1 

0.6 
0.7 
0.6 
0.7 
0.6 

1.7 
5.6 
1.7 
1.7 
1.9 
2.1 

0.8 
0.7 
1.1 
1.1 
0.6 
0.6 

1.8 
0.6 
0.9 
0.6 
0.7 

1- 3 

1.7 

Calculated 
Mineral 

bbtter, vt .I, 

8.6 
4.5 
3.7 
12.1 
6.1 
6.7 

3.9 
6.2 
5.2 
8.0 
7.4 

8-3  
20;g 
10.9 
4.6 
5.8 

17.3 

13.1 
13.8 
19.7 
28.3 
10.3 
20.6 

15.8 

13.6 
8.1 

18.4 

19.7 

8.3 

10.0 
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Table n 

1 

Ccal 
Arerican S e a  
Vasneci 

- 

Plast ic  Properties 

S i t e  KO. 1 Zone 1 
(Raw) Zone 2 

Zone 3 
Zone 4 
Zone 5 

S i t e  No. 2 Zone 1 
(Raw) Zone 2 

Zone 3 
&ne 4 
Full Seam 

Prat t  Seam, Mine A 

Gieseler * 
I.Iaxisnzm Fluidi ty  

Dial Divisions 
Per Min A t  C - 

7, 400 449 
4,000 458 
3,400 454 
3, 800 459 
2,800 476 
2,700 450 

18,500 438 
12,000 439 
18,500 437 
16,500 434 
18,500 442 

Plas t ic  Range, C 

Temperature Temperature 

380 515 
391 504 
385 503 
390 502 

~ 390 506 
385 505 
376 494 
373- k82 
373- 493 
375 

Softening Solidification 

373 464 

Washed 16,500 436 
S i t e  No. 1 Zone 1 14,000 432 

(Raw) Zone 2 20, OOO 437 
Zone 3 17,500 432 
%ne 4 20,500 434 
Ful l  Seam 19,000 437 

Mary Lee Seam 

Washed 9,500 442 
448 
441 
442 Zone 3 21,500 

&ne 4 12,000. 447 
Zone 5 14,000 436 

::E S i t e  No. 1 Zone 1 
(Raw) Zone 2 

348 496 
350 489 
356 503 
355 486 
354 497 
357 500 

362 495 
371 490 
370 491 
370 484 
361 490 
363 489 

S i t e  No. 2 Zone 1 3,500 444 367 499 
458 369 500 
446 364 498 

Zone 2 3, $00 

444 371 494 
Zone 3 5,000 
Zone 4 7,000 
Zone 5 8,500 446 362 497 

Washed 6,000 449 391 502 

Washed 13,000 439 368 500 

(Raw) 

Pra t t  Seam, ?.line B 

E a t t  Sew, Mine C 

* washer vas used on the Gleseler plastoceter re tor t  t o  prevent swellin@;. 
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1 

1 Table 111 

Sole-Heated Oven Test Results I 

Volume change Corrected 
(as Measured), Oven Volume Change, Modified Tumbler 

Bulk Density,* 3 Index of Coke 
(at 55 lb/cu ft) Cum % + 3/4in. , 

5 - coal Final  lb/cu f t  

American Seam 

Washed -4.1 55 -2.9 75 
Si te  No. 1 Zone 1 -3.8 48 +u.3 74 

(Raw) Zone 2 +l.s -0.5 5 1  +7.9 77 
Zone 3 -7.8 53 -2.7 56 
Zone 4 -3.6 5 1  +7.8 75 
Zone 5 + L O  -0.7 52 +5.9 69 

Site  No. 2 Zone 1 
(Raw) Zone 2 

b n e  3 
&ne 4 
Full Seam 

-20.6 

-18.7 
-27.8 
-18.8 

-13- 5 
48 
48 
50 
5 1  
50 

-17.1 
-9.1 
-8.9 

1 -20.7 
-9.0 

62 
58 
66 
43 
57 

Prat t  Seam, Mine A 

Washed -25.2 52 -20.1 63 
Si t e  No- 1 Zone 1 -32.2 56 -31.9 55 
(hw) Zone 2 -27.7 52 -22.8 36 

Zone 3 -20.6 52 -14.7 72 
%ne 4 -15.4 52 -10.3 72 
IWU Seam -30.0 56 -29.9 14 

Mary Lee Seam 

Washed m.3 -3.9 54 0.0 
Si te  No. 1 Zone 1 -9.1 53 - -3.4 

(Raw) Zone 2 -20.6 56 -19.9 
-U.8 
-4.4 

Zone 3 -21.4 58 
Zone 4 -12.1 51 
Zone 5 -24.3 53 -20.0 

Si te  No. 2 Zone 1 -5.1 53 
(Raw) Zone 2 +l.3 -2.3 53 

Zone 3 -8.0 54 
Zone 4 -3.4 53 
Zone 5 -7.2 53 

-0.6 
43.5 
-4.9 
4 . 8  
-3.2 

73 
58 
24 
43 
67 
18 

74 
70 
45 
69 
69 

Prat t  Seam, Mine B 

Washed +3.1 +LO 55 +1.6 75 

Prat t  Seam, Mine C 

Washed -9.0 55 -8.1 72 

* One $ moisture content. 

t 
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Table N 

Coking-Pressure aud Modified-Tumbler-Index Results 
(Conducted i n  3O-Pound Test Oven) 

coa l  - 
American Seam 

Washed 
S i t e  No. 1 Zone 1 

(Raw) Zone 2 
Zone 3 
Zone 4 
Zone 5 

S i t e  No. 2 Zone 1 
(Raw) Zone 2 

Zone 3 
Zone 4 
Full Seam 

Pra t t  Seam, Mine A 

Washed 
S i t e  No. 1 Zone 1 

(Raw) Zone 2 
Zone 3 
Zone 4 
Full Seam 

Mary Lee Seam 

Washed 
S i t e  No. 1 Zone 1 
(Raw) Zone 2 

Zone 3 
Zone 4 
Zone 5 

S i t e  No. 2 Zone 1 
(RQW) Zone 2 

Zone 3 
Zone 4 
Zone 5 

Pra t t  Seam, Vhe  B 

Washed 

w a t t  Seam, Nine C 

Washed 

* b e  :‘p moisture content. 

coking 
Pressure, Oven Bulk Density,* 

p s i  lb/cu f t  

1.0 
1.0 
1.2 
1.6 
1.9 
0.9 

47 
44 
46 
46 
45 
45 

0.6 45 
1.0 45 
0.7 48 
0.8 44 
0.6 44 

1.5 48 
47 
46 

0.9 48 

1.2 
1.0 - 
1.6 4; 

2.1 
1.0 
1.0 
1.4 
1.3 

&.4 

2.8 
2.3 
1.0 

-. 

1.0 

49 
45 
48 
50 
46 
47 

48 
46 
49 

45 
- 

- 

1.0 47 

Modified 
Tumbler Index 

cum d p  3/4 in. 

68 n 
66 
54 
64 
65 

58 
62 
61 
59 
58 

65 
62 
50 

62 
24 

70 
58 
41 
50 
61 
26 

72 
68 
50 

70 
- 

- 

65 
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Figure No. 1 

EFFECT OF ASH COmTEmT ON BULK DENSITY 
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Figure No. 2 

EFFECT OF ASH COETEXC ON PULVERIZATION (PER CENT RETAlXD ON &MESH) 
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Volume Change, per cent 
(corrected to 55 lb/fG BD) 

Expansion Contraction 
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(Corrected t o  55 Ib/& all) 
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F 

Figure No. 7 i 

\ 

1 

COMPARISON OF SI?IE AND ZONE SAMPLES FROM AMERICAN SEAM MINE 
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Figure Eo. 6 

COMPARISON OF ZOIKE SAMPLES FROM THE PRATT SEAM, MINE A 
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Figure No. 8 

C W A R I S O N  OF SmTE AND 'ZONE SAMF'IES FROM MARY LFE SEAM MLmE 
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Figure No. 9 
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